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What does HPLC mean?

High Pressure Liquid Chromatography

High Priced Liquid Chromatography

Hewlett-Packard Liquid Chromatography

High Performance Liquid Chromatography

Hocus Pocus Liquid Chromatography

High Patience Liquid Chromatography

HPLC in Pharmaceutics
Quantitative Analytical Technique No 1

NDA:
New Drug 

Application

Phase III 
Trial

Phase II 
Trial

Phase I 
Trial

Safety 
Testing

Stability  and 
Formulation

Chemical 
Synthesis 
Scale-up

Discovery Testing 
(Pharmakokinetics & 
pharmacodynamics)

Lead 
compound 
selection
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APPLICATIONS OF HPLC

EnvironmentalVeterinary 

Agriculture & 
Food Chemistry

Biomedical and Clinical

Elution through the Column -movie

Stationary 
Phase

Distribution:

K = C s/Cm

Mobile phase

A

B

B+A

The Chromatographic Process

Chromatogram

Time

Area A = 300,000
Area B = 100,000

A
U
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Tswett's Experiment

* Tall Glass Open Column filled with 
Sand-Like Particles (1903)

* Ground-up Plant Extract in Solvent

* Poured into the Column and
noticed Colored Bands develop
as the Extract percolated 
down through the Column

* Different Compounds had Separated

Chromato =  Color
Graphy =  Science/writing

Note: Tswett means color in Russian

Gravitational Chromatography

Low Performance Liquid Chromatography
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Control &
Data 
Processing

1.  Fucose
2.  Galactosamine
3.  Glucosamine

4.  Galactose
5.  Glucose
6.  Mannose
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HPLC System Components Comparison of Performance
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Benefits of HPLC: Sensitivity
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Benefits of HPLC: 
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The importance of efficient chromatography
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PACKED COLUMN

ADSORPTION

NORMAL PHASE PARTITION
REVERSED PHASE

PRINCIPLE OF SEPARATION:

SOLUTES:

LIPOPHYLIC:
OILS, FATS, LIPIDS 

MOST OF THE
BIOMEDICAL SUBSTANCES 

CONDITIONS:

ORGANIC SOLVENTS:  n-HEXANE, HEPTANE, 
CHLOROFORM, ALCOHOLS

AQUEOUS  MIXTURES  WITH   
METHANOL, ACETONITRILE AND 

ADDITIVES (BUFFERS, ION -PAIRS)

ION-EXCHANGE SIZE-EXCLUSION BIO-AFFINITY CHIRALITY

PRINCIPLE OF SEPARATION: : �
���

�������

INORGANIC IONS, 
ACIDS, BASES

POLYMERS, PROTEINS,  
NUCLEIC ACIDS PROTEINS & 

ENZYMES ENANTIOMERS

AQUEOUS BUFFERS, IONIC 
SOLUTIONS

AQUEOUS BUFFERS  OR ORGANIC 
SOLVENTS 

AQUEOUS BUFFERS 
AND SPECIAL 
ADDITIVES

AQUEOUS OR 
ORGANIC SOLVENTS

SOLUTES: : ��������

CONDITIONS: 
:�
�����������

High Performance Liquid Chromatography
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SOLUTES:����������	���

MOST OF THE
BIOMEDICAL SUBSTANCES 

CONDITIONS:���
����������

AQUEOUS  MIXTURES  WITH   METHANOL, ACETONITRILE 
AND ADDITIVES (BUFFERS, ION -PAIRS)

REVERSED PHASE
90% of all HPLC Applications Clinical Applications

������������������

Chromatographic Process:Chromatographic Process: ����

�
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Reversed PhaseReversed Phase

A

B

Migration through the Column
������������	�

A

B (More Hydrophobic)

Chromatogram ����
���������

Hydrophobic
Stationary

Phase 

Distribution:
K = Cs/Cm

Mobile phase: �
���
����
Water, Buffers
MeOH, Acetonitril, IPA

B+A

Ionizable
Molecules

����������
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�� R1 N
R4

R2

R3

AMINES - 1,2,3,4
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ELUTION ORDER IN REVERSED PHASE
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TIME (MIN.)

R
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VOID

CH3 CH3

CH3

OHOH

OH

OH OH

OH

1 2 3

1 2 3

1 2 3
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LIPOPHYLIC Chromatographic Chromatographic Process inProcess in Reversed Reversed Phase Mode: Phase Mode: 
Polar Mobile Phase and APolar Mobile Phase and A --polar Stationary Phasepolar Stationary Phase

A

B

Migration through the Column: Hydrophobic 
Components are Retained Longer

A

B (More Hydrophobic)

Chromatogram

Hydrophobic
Stationary

Phase 

Distribution:
K = Cs/Cm

Mobile phase polar:
Water, Buffers
MeOH, Acetonitril, IPA

B+A

t=0

t0

A
U

0.00

0.05

0.10

0.15

0.20

0.25

0.30

Minutes

0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00

CH3

OH

O O

OH

OO

CH3

MethylMethylparabene
PropyPropylparabene

Reversed Phase Elution Order: Propyl>Methyl MOBILE  PHASE 
Parameters that Affect Separation

*  TYPE OF  MODIFIER (MeOH, ACN)                                   

*  MOBILE PHASE COMPOSITION (% modifier)

* pH 

* TYPE OF BUFFER (phosphate, acetate)

* IONIC STRENGTH (Salts, buffer concentration)

* ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)     
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STATIONARY PHASE

���
���

* PARTICLE DIAMETER

* SPHERE- IRREGULAR

* POROSITY

GEOMETRY

CHEMISTRY:

silica

pores

d

*  BONDED HYDROCARBON:
C-18, C-8, C-4, C-1

* % COVERAGE

* TYPE OF SILICA  GEL

* ADSORBED SURFACTANTS

SOLVENTS:
water, methanol, 
acetonitrile

ADDITIVES:
buffers, salts, ion-pairing 
reagents, complexants. 

MOBILE PHASE
�
����
���

MOBILE  PHASE 
Parameters that Affect Separation

*  TYPE OF  MODIFIER (MeOH, ACN)TYPE OF  MODIFIER (MeOH, ACN)

*  MOBILE PHASE COMPOSITION (% modifier)

* pH 

* TYPE OF BUFFER (phosphate, acetate)

* IONIC STRENGTH (Salts, buffer concentration)

* ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)     

OPTIMIZATION: CHOICE OF SOLVENTS

20% MeOH

20% ACN

20% EtOH

20% THF main solvent: H 2O

MOBILE  PHASE 
Parameters that Affect Separation

*  TYPE OF  MODIFIER (MeOH, ACN)                                   

*  MOBILE PHASE COMPOSITION (% modifier)MOBILE PHASE COMPOSITION (% modifier)

* pH 

* TYPE OF BUFFER (phosphate, acetate)

* IONIC STRENGTH (Salts, buffer concentration)

* ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)     
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Analyte Retention as a Function of % Modifier: Nega tive 
Slope
k (retention) for each 
analyte changes 
independently as % 
Modifier changes.

Thus, the resolution 
between peaks changes. 

SOLVENT STRENGTH

k' = 
tR- t 0

t0

M. Gilar et al. / J. Chromatogr. A 958 (2002) 167–182

OPTIMIZATION: % SOLVENTS

20% MODIFIER

40% MODIFIER

60% MODIFIER

80% MODIFIER

The higher the % of modifier
The sorter are all RT

MOBILE  PHASE

*  TYPE OF  MODIFIER (MeOH, ACN)                                   

*  MOBILE PHASE COMPOSITION (% modifier)

* pHpH

* TYPE OF BUFFER (phosphate, acetate)

* IONIC STRENGTH (Salts, buffer concentration)

* ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)     

pH as a Selectivity Tool For Impurities

pH 9 Ammonium Bicarbonate

pH 7 Sodium Phosphate

pH 5 Ammonium Acetate

pH 2 Sodium Phosphate
1

2

2

2

1

1

1

2

A
U

0.000

0.009

0.018

0.027

0.036

Minutes
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
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U

0.000

0.009

0.018

0.027

0.036

Minutes

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

-0.016

0.000

0.016

0.032

0.048

Minutes
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

A
U

0.000

0.012

0.024

0.036

0.048

Minutes
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
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Ionization of Acids and Bases

Dissociation of Molecule

Acid

HA                  H+ +   A-

(Un-ionized) (Ionized)

50% @ pKa 50%
100% Low pH 0%
0% High pH 100%

Ionization of Acids and Bases

Dissociation of Molecule

Base

B                   BH+ +  OH-

(Un-ionized) (Ionized)

50% @ pKa 50%
0% Low pH       100%

100% High pH 0%

R
et
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F
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ea
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pH (mobile phase)

k
k k

K
H

K
H

HA A
a

a
����

���� ����

����

���� ����

����

[ ]

[ ]
1

Acids (HA)
( pKa =4.8 )

Bases (BH +)
( pKa = 9.0 ) - Ionized

A-

Ionized

B
Un-Ionized

0    1    2     3    4    5    6     7    8    9    10   11  12 13  14

Neutral

Apparent pKa

Un-Ionized

Retention Factor versus pH for Acids, Bases and Neut rals MOBILE  PHASE 
Parameters that Affect Separation

*  TYPE OF  MODIFIER (MeOH, ACN)                                   

*  MOBILE PHASE COMPOSITION (% modifier)

* pH 

* TYPE OF BUFFER (phosphate, acetate)TYPE OF BUFFER (phosphate, acetate)

* IONIC STRENGTH (Salts, buffer concentration)

* ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)     
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Types of Buffers Used in Reversed Phase 
Mode MOBILE  PHASE 

Parameters that Affect Separation

*  TYPE OF  MODIFIER (MeOH, ACN)                                   

*  MOBILE PHASE COMPOSITION (% modifier)

* pH 

* TYPE OF BUFFER (phosphate, acetate)

* IONIC STRENGTH (Salts, buffer concentration)IONIC STRENGTH (Salts, buffer concentration)

* ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)     

k' Does not Change Significantly as Function of
Buffer Concentration

10

20

30

40

50

60

70

80

90

100
mM NaH2PO4 pH 5.5

0

1

2

3

4

K
'

5N-2,4,6T

4A-6C-1,3B

HCT

TMT

K' vs Buffer Concentration

MOBILE  PHASE 
Parameters that Affect Separation

*  TYPE OF  MODIFIER (MeOH, ACN)                                   

*  MOBILE PHASE COMPOSITION (% modifier)

* pH 

* TYPE OF BUFFER (phosphate, acetate)

* IONIC STRENGTH (Salts, buffer concentration)

* IONION--PAIRING REAGENTS PAIRING REAGENTS (alkyl(alkyl --amines, amines, --sulfonatessulfonates ))
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Ion Pair Reagent
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Dr. Shulamit Levin

http://www.forumsci.co.il/HPLC

Reversed Phase Advanced Features 

�����
��������
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* PARTICLE DIAMETER

* SPHERE- IRREGULAR

* POROSITY

GEOMETRY

CHEMISTRY:

*  BONDED HYDROCARBON:
C-18, C-8, C-4, C-1, CN, phenyl

* % COVERAGE
TYPE OF SILICA  GEL*

+ HCl
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Making a Bonded Phase Material: Synthesis
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Surface of a Silica Gel 
Bonded-Phase Packing Material
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Mixed-Mode Retention

Reversed-Phase Column Selectivity 
Chart

Retentivity
(ln [k] acenaphthene)

SunFire ™ C18

YMC-Pack™ PolymerC18™

Hypersil® CPS Cyano

YMC-Pack™ CN

Waters Spherisorb® S5 P

Hypersil® BDS Phenyl

Nova-Pak® Phenyl

YMC-Pack™

Phenyl

Hypersil® Phenyl

Inertsil® Ph-3

YMC-Pack™ Pro C4™

YMCbasic™

Symmetry® C8
YMC-Pack™ Pro C8™

Nova-Pak®
C8

XTerra® MS C18
Symmetry® C18

YMC-Pack™
Pro C18™

Inertsil® ODS-3

YMC-Pack™ ODS-A™

Nova-Pak®
C18

YMC J'sphere™

ODS–L80 Nucleosil® C18

Waters Spherisorb® ODS2

Waters Spherisorb® ODS1

Resolve® C18

µBondapak™ C18

YMC-Pack™ ODS–AQ™

YMC J'sphere™ ODS–H80

YMC J'sphere™ ODS–M80

Inertsil® CN-3

Waters Spherisorb® S5CN

Nova-Pak® CN HP

SymmetryShield™ RP8

SymmetryShield™ RP18

XTerra® RP8

XTerra® RP18

-0.6

-0.3

0

0.3

0.6

0.9

1.2

1.5

1.8

2.1

2.4

2.7

3

3.3

3.6

-1.5 -0.5 0.5 1.5 2.5 3.5

S
el

ec
tiv

ity
(ln

[a
] a

m
itr

ip
ty

lin
e/

ac
en

ap
ht

he
ne

)

XTerra® MS C8

Luna ®
C18 
(2)

XTerra ®
Phenyl Luna ™

Phenyl Hexyl

ChromolithTM

RP-18

Atlantis® dC18

Zorbax® XDB C18ACT Ace® C18

Zorbax® SB C18

SunFire ™ C8

Luna®
C8 (2)

Stationary Phase Properties

* PARTICLE DIAMETER

* SPHERE- IRREGULAR

* POROSITY

GEOMETRY

CHEMISTRY:

*  BONDED HYDROCARBON:
C-18, C-8, C-4, C-1, CN, phenyl

* % COVERAGE
TYPE OF SILICA  GEL*
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Silica BasedSilica Based

Native SilicaSynthetic Silica

Type of Ligand

C18, C8

AlkylEmbedded 
Polar Group

Limited pHExtended pH

Spherical Monolith

NonNon--SilicaSilica

Polymeric

Carbon

Zirconia

SupportSupport

Irregular

C6, C4, C1, CN, Phenyl, NH2

Column Selection

ADSORPTION

SOLUTES

LIPOPHYLIC:
OILS, FATS, LIPIDS 

CONDITIONS

ORGANIC SOLVENTS:  n-HEXANE, 
HEPTANE, CHLOROFORM, ALCOHOLS

NORMAL PHASE

Examples for NORMAL PHASE SOLUTES

http://cellbio.utmb.edu/cellbio/membrane_intro.htm

Phospholipids

NORMAL PHASE Pore

SOLVENTS: n-hexane, chloroform , ethanol, 2-
propanol, MeCN, MeOH

Silica bare or NH2/Alk-OH bonded 

A   
PORE
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Retention on Silica and Hydrophilic Interaction  Liq uid 
Chromatographic (HILIC) support

• Polar analyte partitions into and out of adsorbed wa ter layer

• Charged polar analyte can undergo cation exchange wi th charged silanol groups

• Combination of these mechanisms results in enhanced polar retention

• Lack of either of these mechanisms results in poor pol ar retention

ELUTION ORDER IN NORMAL  
PHASE

TIME (MIN.)

R
E
S
P
O
N
S
E

0

1

2 3

VOID

CH3CH3

CH3

OH OH

OH

OHOH

OH

1 2 3

1 2 3

1 2 3

1 2 3

LIPOPHYLIC

Solvent Strength: HILIC (Normal Phase)

Solvent
Water

Methanol
Ethanol

Isopropanol
Acetonitrile

Acetone
Tetrahydrofuran

Weakest

Strongest

In HILIC, utilizing 
a less polar 
solvent can

increase the 
retention

of polar analytes.

Scaling up from Analytical to Preparative in Normal  
Phase Mode

Waters “Columns” Summer 1991
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Develop Methods Empirically Using ThinDevelop Methods Empirically Using Thin--Layer Chromatography (TLC)Layer Chromatography (TLC)

Schematic separation of simple lipids and 
phospholipids of plasma by high-performance 
TLC

Two developments as far as "X" with chloroform-
methanol-water (60:30:5 by volume), and a third 
development to "Y" with hexane-diethyl ether-
acetic acid (80:20:1.5 by volume). 

Abbreviations: 
• CE, cholesterol esters; 
• TG, triacylglycerols; 
• FFA, free fatty acids; 
• C, cholesterol; 
• PE, phosphatidylethanolamine; 
• PC, phosphatidylcholine; 
• SPH, sphingomyelin; 
• LPC, lysophosphatidylcholine. 

htm.index/tlc/topics/uk.co.lipidlibrary.www://http

t=0
CE LPCSPHPCPEC

FFA
TG

Using Empirical Approach to Optimization of Solvents, Using ThinUsing Empirical Approach to Optimization of Solvents, Using Thin--
Layer Chromatography (TLC)Layer Chromatography (TLC)

)(
)(1

' )(
0

0

TLCR
TLCR

k
t

tt

F

F
HPLC

R �
��

�

L2

L1 L
L

RF
1)1( �

L2

L1

0

0
)(' t

tt
k R

HPLC

�
�

TLCTLC

HPLCHPLC
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High Performance Liquid Chromatography

A

B

A

B

ChromatographicChromatographic
ProcessProcess

Elution through the Column
Chromatogram

Stationary 
Phase

Distribution:
K = Cs/Cm

Mobile phase

B+A
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Anion ExchangeAnion ExchangevsvsExchange Exchange CationCation

Ion Exchange Theory

Cation exchange columns have a negative charge to at tract cations.
Anion exchange columns have a positive charge to at tract anions

Cation Exchange Anion Exchange
ION (Mono, Di, Tri - Valent)

ANION CATION

Organic
Acids

Phenols

Inorganic
F-

Cl-

Organic
Amines

Inorganic
Metals
NH4

+

Ions can be characterized as:
organic or inorganic, anion or cation, mono or poly valent.

Analysis of Ions Analysis of Ions -- Ion ChromatographyIon Chromatography

ION EXCHANGEION EXCHANGE

1.  INJECTION

2.  ADSORPTION:
DISPLACEMENT OF 

COUNTER IONS
3.  ELUTION

--- -
- -+++

+
+

-
-

-
-
-

+++
+
+

+++
+
+

-

--
-
-
-

--

--
--

- -

--
--

-
-
-
-

--

-
-

MOBILE 
PHASE 

ADDITIVES

COUNTER IONS OUT

SAMPLE IONS IN

INSIDE A  PORE IN THE STATIONARY PHASE

-
-

-
-

B+Y- +   X- B+X- +  Y-

A-M+ +   NH+ A-NH+ +  M+

ION EXCHANGERION EXCHANGER

ANION  EXCHANGE

CATION  EXCHANGE

Ionic 
Functional 
Group

K XY

KM NH

IMMOBILIZED ON THE STATIONARY PHASE
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Bonded FunctionalitiesBonded Functionalities--Ion Exchange Ion Exchange 

Cation Anion

COO- Na+ N+-R  Cl-
R

H
Carboxylic Acid

Primary, Secondary 
or Tertiary Amine

SO3
- Na+

Sulfonic Acid

N+-R Cl-
R

R
Quaternary Amine

WEAK

STRONGSTRONG

Typical chemical functionalities used for commercia l exchangers.

ColumnsColumns’’ MatricesMatrices

• Silica-Based 

• Polymer-based ion-exchangers 

• Hydrous Oxide

=M-O-H =M-O
-
+ H

+

=M-O-H =M
+

+ OH
-

ELUTION ORDER IN ANION 
EXCHANGE

TIME (MIN.)

R
E
S
P
O
N
S
E 0

1

2 3

VOID

1 2 3

1 2 3

1 2 3

DENSITY OF CHARGE

F-OH-OAc -

NO3
- NO2

-Cl-

NO3
- SO4

-- SO3
--

ELUTION ORDER IN CATION EXCHANGE

TIME (MIN.)

R
E
S
P
O
N
S
E 0

1

2 3

VOID

1 2 3

1 2 3

DENSITY OF CHARGE

K+ Na+ Li+

Zn++ Al +++Ag+
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Analysis of Anions
�
������������������
��
��
���

1  Fluoride     = 1 ppm
2  BiCarbonate
3  Chloride     = 2
4  Nitrite         = 4
5  Bromide     = 4
6  Nitrate        = 4
7  Phosphate = 6
8  Sulfate       = 4

0.00 5.00 10.00 15.00Minutes

1.
7 

  S 1

2

3

4

5 6

7 8

Column:      Waters IC Pak A/HR
Eluent:        Borate / Gluconate
Flow Rate: 1 mL/min
Injection:    100  L�

m

ION EXCHANGEION EXCHANGE

F
-

,   OH
-

>    OAc
-

>   H 2 PO 4

-
>    HCO 3

-
> Cl

-
>    NO 2

-
>

HSO3

-
>   CN

-
>  Br

-
>     NO3

-
>  I

-

ANIONS

A- <  A -- < A---

RETENTION ORDER: Charge/Size Ratio

When the charge is the same: charge/size determines the retention

ION EXCHANGEION EXCHANGE

Li + > H + > Na + > NH 4+ > K + > Rb + > Cs + > Ag +

Be++ > Mn
++

Mg
++

Zn
++

> Co
++

> M
++

> Ca
++

> Sr
++

Al
+++

> M
+++

> Ce
+++

transition
metals

Transition
metals

CATIONS

Retention Order

MONO-VALENT

DI-VALENT

TRI-VALENT

Ion Exchange of Proteins
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Amino Acids Analysis In Plasma
Ion Exchange with Ninhydrin detection
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High Performance Liquid Chromatography

ENANTIOMERS: 
MIRROR IMAGES OF ONE ANOTHER


�	����
�	�����	�������	������

CH3
O

OH

CH2

CH3 CH3

C H3
O

OH

CH2

C H3CH3

S-Ibuprofen
(active ����� )

R-Ibuprofen

60 seconds on stereochemistry 
Asymmetric

Chiral, "handed"

Enantiomers
(stereoisomers)

Diastereomers

Enantioselectivity

Optical activity 
[(+) or (-)]

R or S

Racemate

Lacking an alternative axis of symmetry, 
existing as enantiomers

having the potential to exist as two
nonsuperimposable mirror images

Two nonsuperimposable compounds, 
mirror images of one another 

Optical isomers that are not mirror images 
on one another  

Selective preference of one enantiomer over 
the other

Experimentally observed rotation of the 
plane of monochromatic plane-polarized 
light

Absolute configuration about a 
dissymmetric center

50:50 mixture of two enantiomers
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Stereospecificity in drug action

*   binding to proteins

*   transport through membranes 

*  receptor recognition

*  metabolism

*  clearance

ENANTIOMERS vs RACEMATES

STEREOSELECTIVE 
PROPERTIES

Only one enantiomer is active:

The additional enantiomer is 
toxic:

Different pharmacokinetics:

Different rates and routes of 
metabolism:

One enantiomer is agonist, the 
other antagonist:

Different pharmacological 
action and tissue specificity:

POSSIBLE GAINS FROM 
USING ENANTIOMERS

Reduced dose and load on metabolism

Freedom in dose and broader use

Better control of kinetics and dose

Freedom of dose, reduction of variability 
of patients' response

Enhanced activity and reduction of dose

Enhanced specificity and reduced side 
effects; 
use of the other enantiomer for different 
medication

Chiral Recognition Chiral Recognition��Chiral Stationary Phases
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Chiral Recognition��Chiral Mobile 
Phases

Circular Dichroism: 
UV SPECTRA of POLARIZED LIGHT

-800

-600

-400

-200

0

200

400

600

400380360340320300280260240220

a

peak I

peak II
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-100
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0
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100

400380360340320300280260240

peak I

peak II

b

-200

-100

0

100

200

400380360340320300280260240220

c

peak I

peak II

-400

-200

0

200

400380360340320300280260240220

peak I

peak II

d

-800

-600

-400

-200

0

200

400

600

400380360340320300280260240220

peak I

peak II

e

-1.0

-0.5

0.0

0.5

1.0

400380360340320300280260240220

peak I

peak II

f

Types of Chiral stationary 
phases:

•Ligand exchange 
� ���� -Donnor ���� -acceptor (Pirkle)
•Chiral Host-guest (cyclodextrin)
•Immobilized proteins
•Immobilized polysaccharides
•Macrocyclic Antiobiotics
•Crown Ethers

Types of Chiral stationary 
phases:

•Ligand exchange 
� ���� -Donnor ���� -acceptor (Pirkle)
•Chiral Host-guest (cyclodextrin)
•Immobilized proteins
•Immobilized polysaccharides
•Macrocyclic Antiobiotics
•Crown Ethers
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O

Si
OCH2CH3

H 
N

C
CH

N 
H

O

R
C

O NO2

NO2

- Donor    - acceptor (Pirkle) Type ���������������� ����

O
Si O

C
CH

N 
H

O OCH2CH3

R
O

R

Napthyl amino acids

Dinitrobenzoyl amino acids
N

O
NO2

NO2

Si
CH3H3C

O2Si

H

O

Types of Chiral stationary 
phases:

•Ligand exchange 
� ���� -Donnor ���� -acceptor (Pirkle)
•Chiral Host-guest (cyclodextrin)
•Immobilized proteins
•Immobilized polysaccharides
•Macrocyclic Antiobiotics
•Crown Ethers

Chiral cavity by cyclodextrins 

CD No.Of units size A Molecules included Chiral centres

alpha 6 4.5-6.0 5-6 membered aromatic 30

beta 7 6.0-8.0 biphenyl or naphthalene 35

gamma 8 8.0-10.0

substituted pyrenes and 

Steroids
40

Types of Chiral stationary 
phases:

•Ligand exchange 
� ���� -Donnor ���� -acceptor (Pirkle)
•Chiral Host-guest (cyclodextrin)
•Immobilized proteins
•Immobilized polysaccharides
•Macrocyclic Antiobiotics
•Crown Ethers
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Protein 
Columns

Types of Chiral stationary 
phases:

•Ligand exchange 
� ���� -Donnor ���� -acceptor (Pirkle)
•Chiral Host-guest (cyclodextrin)
•Immobilized proteins
•Immobilized polysaccharides
•Macrocyclic Antiobiotics
•Crown Ethers

Immobilized polysaccharides:

Amylose
or

Cellulose

tribenzoate
tris phenylcarbamate
triacetate

OO
CC

HN
O

CH3

H3C

O O O O O

NH

O
C

HN
O

H3C

CH3

O

Types of Chiral stationary 
phases:

•Ligand exchange 
� ���� -Donnor ���� -acceptor (Pirkle)
•Chiral Host-guest (cyclodextrin)
•Immobilized proteins
•Immobilized polysaccharides
•Macrocyclic Antiobiotics
•Crown Ethers
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macrocyclic glycopeptide
antibiotic eremomycin chemically bonded to silica

Journal of Chromatography A, 1108 (2006) 263–267

Separation of enantiomers of amino 
acids on eremomycin CSP. Column

250mm ���	 mm. Eluent: methanol–0.1M NaH2PO4 (20:80, v/v), 0.7 
ml/min.

Types of Chiral stationary 
phases:

•Ligand exchange 
� ���� -Donnor ���� -acceptor (Pirkle)
•Chiral Host-guest (cyclodextrin)
•Immobilized proteins
•Immobilized polysaccharides
•Macrocyclic Antiobiotics
•Crown Ethers

Crown Ether Type of Chiral Stationary 
Phase
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Gel Permeation Chromatography -GPC �


���

�����������
��
��	�����
��
�����

ELUTION ORDER: 
LARGER ELUTE FIRST

��������������������
��	


�
���

���

�

STATIONARY STATIONARY 
PHASEPHASE

MOBILE MOBILE 
PHASEPHASE

Gel Permeation mechanism

���������	
	���
��
����
�����

���������
�	 �	
��
�����������
�����������
���������	
�������
�����
���


�����
������
��	

���
�����

Separation Mechanism


A dissolved polymer (comprised of a mixture of mole cules) passes
through a porous gel-based stationary phase


The gel pores may be of uniform size or a blend of mixed sizes 
depending upon the column(s) chosen…


Macromolecules eluted by decreasing order of molecu lar weight

 

gel particle gel particle

FLOW

Separation Mechanism

Molecular size (molecular hydrodynamic volume)
governs separation process.
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ELUTION ORDER IN SIZE EXCLUSION (GPC)

R
E
S
P
O
N
S
E

0

1 2 3
VOID

1

2

3

MW

100,000

50,000

20,000

ELUTION VOLUME (mL)

MOLECULAR WEIGHT 
DISTRIBUTION

R
E
S
P
O
N
S
E

ELUTION VOLUME (mL)

Gel Filtration/Size Exclusion/Gel Permeation

1M 500 K 250 K 100 K 25 K

Polymer Peak

Narrow standards

Calibration 
curve

Log
Mw

1M
500K
250K
100K
25K

Elution Time or Volume

Principles of Calculations
Step 1

Processing standards:

Obtain Elution volume from data.


Plot of log (M) versus f (Elution volume).

0

1

2

3

4

5

6

7

Elution volume

Lo
g(

M
)2890000

355000 43900

2800

��� �

Minutes
0.00 10.00 20.00 30.00 40.00
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Principles of Calculations
Step 2

Processing unknowns:

The signal is cut in slices (width dt)


Each slice is characterized by

�Elution volume, Vi

�Area Hi.dt = niMi


With the calibration curve Vi gives the MW in each slice, Mi


ni for each slice is determined by the area and Mi


Therefore Mn, Mw… can be calculated

Mn, Mw, Mz, I, ...��� �
Minutes

10.00 15.00 20.00 25.00 30.00

GPC, Principles of Calculations

Individual GPC Sample Result
Project Name:  GPC_DefaultReported by User:  System

Report Method:  GPC Default Individual Report Date Printed:  1/9/01 19:37:23

S A M P L E      I N F O R M A T I O N

Sample Name: Acquired By:  DEMO  Broad PS 
Sample Type: Date Acquired: Broad Unknown  9/23/97 23:23:03 
Vial: Acq. Method Set: 4  GPC_Demo 
Injection #: Date Processed: 4  10/17/00 15:34:21 
Injection Volume: Processing Method: 100.00 ul  PS 3rd Order 
Run Time: Channel Name: 45.0 Minutes  SATIN  
Sample Set Name: Proc. Chnl. Descr.: GPC_Demo  410 dRI 

m
V

-10.00

0.00

10.00

20.00

Minutes
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00

19
80

29

dwt/d(logM)
Cumulative %

d
w

t/
d(

lo
gM

)

C
um

u
la

tiv
e 

%

0.00

0.20

0.40

0.60

0.80

1.00

0.00

20.00

40.00

60.00

80.00

100.00

Slice Log MW
4.004.505.005.506.006.50

M
P

=
19

80
29

M
n=

10
66

45

M
w

=
24

22
97

M
z=

45
28

28

M
z+

1=
74

93
74

1

Retention
Time

Mn Mw MP Mz
Poly-

dispersity

20.676 106645 242297 198029 452828 2.272

GPC Sample Results

Chromatogram

Distribution curve
Cumulative curve

Molecular weights results

Sample information: Date injected, 
processing method, injection volume 
…

Clinical Applications

Test of haemoglobin variant for Thalassemia
�
����
�����
���������������������������
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Affinity Affinity ChromatograpyChromatograpy ((AC)AC)
���	�
����
�������	�
����
����

AC relies upon a reversible highly specific binding  reaction.
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Affinity Affinity 
ChromatographyChromatography
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Glycohemoglobin in Blood

Glycated proteins differ from non-glycated proteins b y the attachment 
of a sugar moiety(s) at various binding sites by me ans of a 
ketoamine bond. Glycohemoglobin (GHb) thus contains 1 , 2-cis-
diol groups not found in non-glycated proteins. 

These diol groups provide the basis for separation o f glycated and 
nonglycated components by boronate-affinity chromato graphy (1–
3).  In this analytical technique, a boronate such a s phenylboronic
acid is bonded to the surface of the column support . 

Hydrophobic Interaction Chromatography (HIC)Hydrophobic Interaction Chromatography (HIC)
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Hydrophobic Interaction Chromatography (HIC)Hydrophobic Interaction Chromatography (HIC)

Slightly 
hydrophobic 

sample 
component. 

Reasonable 
hydrophobic 

sample 
component

Quite 
hydrophobic 

sample 
component.

Hydrophobic 
ligand

1. Equilibration. 2. Sample 
application and 

wash.
2/� 	�	
	
����


3. Gradient elution.
Elution order:

Typical HIC Gradient Elution

Seven Basic Considerations in Choosing HPLC Operati ng Seven Basic Considerations in Choosing HPLC Operati ng 
ParametersParameters

7)  How Do Species Differ - An important clue to man ipulate selectivity   
in the separation, especially if compounds are simi lar in their 
structure.

1)  Solubility - Hexane, Chloroform, Methanol, Water ( buffer pH), other?

2)  Molecular Weight - Would GPC be useful in either the 
analysis or sample prep?

3)  Functional Groups - Any ionizable groups?  Acidic,  Basic, or Neutral?

4)  Sample Matrix - What amounts are expected in matr ix for 
either analytical or preparative isolation?

5) Levels in Matrix - What amounts are expected in mat rix for either 
analytical or preparative isolation?

6) Detectability - Any chromophores or fluorophores?  
Consider Redox or derivatization.
Together with point #5, an appropriate detector is chosen.

LAYOUT

• Introduction & Applicability
• Modes of Chromatography
• Quantitative work and System 

Qualification.
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Measurement of Area - Integration

Time

Detector 
Signal

Abs x dtArea = 

Peak Detection

Peak End

Constructed 
Baseline

Peak Height

Peak Apex

Start of 
chromatogram

Peak Start

Retention Time

Working Curve

A  plot of the analytical signal (the instrument or detecto r 
response) as a function  of analyte concentration, using a series  
of standards of known concentration. 

The working curves are then used to determine the concentrat ion of 
an unknown sample or to calibrate the linearity of an analyti cal 
instrument. 

System SuitabilitySystem Suitability

AreAre

Quantitative Criteria for Quantitative Criteria for 
System Capability to Perform System Capability to Perform 

the Claimed Taskthe Claimed Task
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PEAK BROADENING During the Chromatographic 
Process due to Diffusion:

Intereferes with Separation

t3t2t1

t0

TIME     0.5 1           2                          5

k'  t1 = t1 - t0
t0

k' t1 = 1-0.5= 1
0.5

K' t2 = 2-0.5= 3
0.5

k' t3 = 5-0.5= 9
0.5

k' = Capacity Factor = Measure of Retention

RETENTION FACTOR or CAPACITY RATIO

k’ = k' = 
t R - t 0

t 0

Cs����
Cm

PERFORMANCE CRITERIA
BY ONE PEAK

t0

tR

w

A Bh

RETENTION FACTOR or CAPACITY RATIO

k’ = k' = 
tR - t 0

t0

Cs���� Cm

ASYMMETRY FACTOR

� � ��
� ���	 �
�

� ���	 � 
�

NUMBER OF THEORETICAL PLATES

�����

�

� ��������
�

�

TAILING  FACTOR
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� ���
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(CH3
)
2

HN
+

O-Si
O-Si
OH
O-Si
O-Si
OH

O-Si
OH
O-Si
O-Si
O-Si
OH

O-Si
O-Si

Mobile 
Phase pH < 3

Si - OH

O-Si
O-Si
O-
O-Si
O-Si
O-
O-Si
O-
O-Si
O-Si

O-Si
O-

O--Si
O-Si

(CH
3
)

2
HN
+

-
Mobile 
Phase pH > 3

Si – O

��
�
��
�

Mixed-Mode Retention: The major 
cause of peak distortion
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PERFORMANCE MEASURED BY TWO PEAKS

t0

tR(1) tR(2)

w1 w2

SELECTIVITY FACTOR 

	 ��
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EXPERIMENTAL RESOLUTION
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PERFORMANCE BY TWO PEAKS
EXPERIMENTAL Equation of  RESOLUTION

�� ��

 ����� � 
 ����

��� �� � ��� � �

t0

tR(1)

tR(2)

w1 w2

SELECTIVITY  vs   EFFICIENCY

LOW SELECTIVITY ( 			 	 )
HIGH EFFICIENCY (N)

HIGH  SELECTIVITY (			 	 )
LOW  EFFICIENCY (N)

Rs = 
t R (2)- t R(1)

1/2(w 1 + w 2)
same in both cases


